Six ssrRNA gene sequences were obtained by PCR amplification of DNA from 24 uninucleated Entamoeba cysts isolated from fresh faeces of sheep, cows, a roe deer and a 25 reindeer. Phylogenetic analysis using sequences of non-, uni-, quadri-and octonucleate cyst-26 producing Entamoeba spp. for comparison showed that all six isolates formed a separate 27 clade nested within the clade of quadrinucleate cyst producers. The data indicate that 28
the host in which organisms were identified. However, since cyst morphology varies 48 substantially within as well as between uninucleated cyst-producing species from different 49 ruminant hosts (Table 1) , morphological data alone are not enough to distinguish between 50 some of the named Entamoeba spp. (Noble and Noble, 1952) . To date species names have 51 been used mainly to indicate the host from which a particular isolate was recovered, for 52 instance Entamoeba bovis from cattle and Entamoeba ovis from sheep. Uninucleated cysts 53 from goats, however, have been attributed to Entamoeba debliecki or Entamoeba polecki 54 (Noble and Noble, 1952) (Table 1) , both of which are also hosted by pigs. Genetic 55 characterisation of Entamoeba suis separated this from E. polecki (Clark et al., 2006) , 56 showing that pigs can host at least two distantly related species of uninucleated entamoebae. 57
Hence, molecular data are needed not only in order to establish definitive identification but 58 also clarify the epidemiology and pathobiological significance -if any -of Entamoeba spp. 59 isolated from ruminants, and to improve our understanding of the evolution in the genus 60
Entamoeba. 61 variation and the proportion of invariant sites. Statistical support for distance and maximum 95 likelihood trees was evaluated using bootstrapping (1,000 replicates). Bayesian analysis used 96 four Markov chain Monte Carlo (MCMC) strands, 1,000,000 generations, with trees sampled 97 every 100 generations. A consensus tree was produced after excluding an initial burn-in of 98 25% of the samples, as recommended. 99
Cyst diameter frequency counts for all three samples analysed gave unimodal 100 distributions, and cysts from the sheep and the cow exhibited very similar average cyst 101 diameter ranges (P > 0.01). However, cysts from the roe deer had a narrower size range and 102 were significantly larger on average than cysts from the other two hosts (P < 0.0001) (Table  103 2). 104
By DAPI staining the vast majority of the Entamoeba cysts screened by microscopy 105 were found to be uninucleate; a very few were binucleate and none were quadri-or 106 octonucleate. Calcofluor staining revealed that all organisms observed had a cyst wall and 107 therefore that none of them could be trophozoites. 108
Uninucleate cysts from all samples reacted with the mAb, visualised by FITC-109 staining. However, since by microscopy 4-6% of the cysts from the sheep samples were seen 110 specificity did not provide any evidence of mixed Entamoeba infection. It is possible that 114 non-reacting cysts are immature and the antigen to which the mAb binds might only be 115 produced late in the maturation process. 116
The analysis of Entamoeba sequences from sheep, reindeer and roe deer required very 117 little manual editing, if any, whereas analysis of the sequences from cattle isolates was more 118 complicated, since a few base calls were ambiguous despite multiple amplification and 119 sequencing efforts. Therefore, a few base positions are annotated as degenerate bases in both 120 of the sequences from cattle (accession nos. FN666248 and FN666249), and may represent 121 differences between individual gene copies in these isolates. 122
Phylogenetic analysis revealed that the six sequences from the four ruminant hosts 123 belong to a separate clade, branching within the previously described group of quadrinucleate 124 cyst-producing species ( Fig. 1) . High bootstrap values separated the group consisting of the 125 ruminant isolates plus the quadrinucleate cyst-producing species from groups of non-, other 126 uni-or octonucleate cyst-producing species, which implies that the ruminant entamoebae 127 studied here are descended from a quadrinucleated cyst-producing ancestor. These amoebae 128 are most closely related to organisms such as E. histolytica, and only remotely related to 129 other uninucleated cyst producers such as E. polecki ( The morphological data collected in this study resemble closely those reported by 154
Noble and Noble (1952) on sheep and cattle entamoebae. In the present study, most cysts 155 were found to be uninucleate. In very few instances, binucleate cysts were seen. However, so-156 called supranucleate cysts have also been reported for other parasites such as E.coli, 157
Endolimax nana, Iodamoeba bütschlii (Dobell, 1919 ) and E. polecki (Levin and Armstrong, 158 1970). 159 Kingston and Stabler (1978) reported finding E. bovis and E. coli in white-tailed deer. 160 genetically distinct from the Entamoeba found in the cattle, and that the two sheep sequences, 162 although different, were more related to the cattle Entamoeba than was the deer sequence. 163
Examination of cysts from the roe deer revealed a narrower cyst diameter range than for the 164 cysts from cattle and sheep, and although the maximum diameter recorded in the present 165 study was only 12.0 µm, the cysts from the roe deer were larger on average than those found 166 in cattle and sheep (Table 1) . Unfortunately, cyst measurements were not available for the 167 reindeer isolate. However, this study showed that the roe deer isolate differed significantly 168 from the cattle and sheep isolates not only phylogenetically, but also morphologically, and 169 may represent a distinct species. 170
The nomenclature of Entamoeba species found in ungulates (ruminants plus pigs) in 171 general has been very confused. In the absence of molecular data, the assignment of species 172 names to a given isolate has relied on parasite morphology and host species. There are 173 probably several reasons why confusion has prevailed. Firstly, Noble and Noble (1952) Entamoeba identified in pigs, as observed by for example Noble and Noble (1952) , 183 complicates interpretation of data, since this could be due to a true variation in size within a 184 species or to the presence of a mixed species infection. Interestingly, Noble and Noble (1952) 
